Initiation of breast-feeding within 1 h after birth has been associated with reduced neonatal mortality in a rural Ghanaian population. In South Asia, however, breast-feeding patterns and low birth weight rates differ and this relationship has not been quantified. Data were collected during a community-based randomized trial of the impact of topical chlorhexidine antisepsis interventions on neonatal mortality and morbidity in southern Nepal. In-home visits were conducted on d 1-4, 6, 8, 10, 12, 14, 21, and 28 to collect longitudinal information on timing of initiation and pattern of breast-feeding. Multivariable regression modeling was used to estimate the association between death and breast-feeding initiation time. Analysis was based on 22,838 breast-fed newborns surviving to 48 h. Within 1 h of birth, 3.4% of infants were breast-fed and 56.6% were breast-fed within 24 h of birth. Partially breast-fed infants (72.6%) were at higher mortality risk [relative risk (RR) ¼ 1.77; 95% CI ¼ 1.32-2.39] than those exclusively breast-fed. There was a trend (P ¼ 0.03) toward higher mortality with increasing delay in breast-feeding initiation. Mortality was higher among late ($24 h) compared with early (,24 h) initiators (RR ¼ 1.41; 95% CI ¼ 1.08-1.86) after adjustment for low birth weight, preterm birth, and other covariates. Improvements in breast-feeding practices in this setting may reduce neonatal mortality substantially. Approximately 7.7 and 19.1% of all neonatal deaths may be avoided with universal initiation of breast-feeding within the first day or hour of life, respectively. Community-based breast-feeding promotion programs should remain a priority, with renewed emphasis on early initiation in addition to exclusiveness and duration of breast-feeding.
Introduction
Approximately 4 million newborns die annually, the majority in developing countries (1); one-third of these deaths are due to infections. Numerous evidence-based interventions exist to reduce neonatal mortality in low-resource settings (2) (3) (4) (5) , but delivery of these interventions at scale remains an ongoing research and program challenge. Exclusive and continued breastfeeding has been well established as one of the most important interventions to reduce postneonatal and child mortality (6) (7) (8) (9) . Among 23 interventions considered by the Bellagio Child Survival Study Group, scale-up of exclusive breast-feeding of infants for 6 mo and continued feeding until 1 y could prevent an estimated 1.3 million child deaths per year (10) . Breast-feeding has been shown to reduce the risk of respiratory infections (9) , diarrhea (11) , and neonatal sepsis (12, 13) . A pooled analysis of data from 3 countries has shown that either predominately or exclusively breast-fed infants are at substantially lower risk for infant mortality than non-breast-fed infants (11) .
The focus of most breast-feeding promotion programs has been on exclusive breast-feeding through 6 mo of age, delaying the age at weaning, and efforts to define the optimal recommendations for breast-feeding practices in settings of high HIV prevalence. Fewer data are available on the impact of breastfeeding patterns and timing of initiation on neonatal mortality. In Egypt, initiation within 72 h markedly reduced diarrhea incidence in the first 6 mo of life (7) . The WHO Collaborative Study Team (8) estimated that breast-feeding had the greatest benefit on mortality in the first 2 mo of age compared with later ages. A subanalysis of the Ghana data included in the WHO analysis demonstrated that delayed breast-feeding initiation time was a crucial risk factor for neonatal mortality and authors estimated that up to 16% of neonatal deaths could be prevented by increasing the proportion of infants that receive breast milk within 24 h of birth (14) . In South Asia, although there have been some demonstrated improvements in the proportion of infants receiving breast milk within the first day of life (15-18), discarding colostrum or delaying breast-feeding remains common in many settings (16, 18) . Demonstrating a similar benefit of early breast-feeding as observed in Ghana could provide additional support for renewed focus on breast-feeding programs in general and increase emphasis on early initiation as an important aspect of these programs. In this manuscript, we provide an analysis of prospectively collected data on breast-feeding practices and neonatal mortality, concurrently collected within the context of recently completed evaluations of chlorhexidine (CHX) 5 antisepsis interventions in southern Nepal (3, 19) .
Materials and Methods
Parent trial and data collection. Data for this analysis were collected during a large community-based, placebo-controlled randomized trial of the effect of 2 CHX interventions (newborn skin and umbilical cord cleansing) on neonatal mortality and morbidity. Details of implementation and results of these trials have been published previously (3, 19 At the initial visit after birth (''birth assessment''), mothers were asked if their infant had been breast-fed and, if so, how much time had passed between birth and initiation. At each of the follow-up visits, workers asked mothers if their child had breast-fed within the previous 24 h. A more extensive interview completed at 2 wk of age provided further information on breast-feeding practices, including timing of initiation and prelacteal or complementary feeding practices. Additional data collected during the 11 visits included measurement of birth weight, longitudinal measures of vital status of the child, signs of omphalitis and other morbidities, and a range of care practices during the first weeks of life. Gestational age for infants was estimated as time since last menstrual period estimated from maternal report at enrollment and the d 1 visit. All infants were followed until discharge at 28 d, outmigration, or death.
Definition of exposure and outcome. Live-born infants surviving to 48 h of life whose mother reported breast-feeding and for whom a breast-feeding initiation time could be estimated were included in the analysis. Similar to previous analyses (14) , early deaths were excluded to minimize reverse causation bias (i.e. underestimation of the effect of breast-feeding by including infants who never breast-feed as a result of serious illness leading to death). Breast-feeding initiation time in hours was estimated from the 3 main sources of breast-feeding information (birth assessment, follow-up visits on d 1-4, and d 14 care practices interview), giving priority to responses made with minimal recall time. Thus, the primary source of information was the birth assessment interview. If this visit occurred before breast-feeding had been initiated or data on this form were missing, the exposure variable was then estimated from longitudinal information regarding breast-feeding in the prior 24 h, collected repeatedly during the follow-up visits occurring through the first 2 wk of life. The 3rd source of information, collected at d 14, was used only in the following situations: 1) to more precisely estimate the hour of birth if the response matched the 24-h interval estimated from the longitudinal data generated through follow-up visits; or 2) as the primary source of information if both the birth assessment data and prospective follow-up data were unavailable. The primary exposure variable was categorized as follows: within 1 h of birth, $1 to ,24 h, $24 to ,48 h, $48 h to ,72 h, and $72 h. The interval included and excluded the lower and upper bounds, respectively, of the interval. A 2nd exposure variable was created to compare early initiators, defined as initiation breast-feeding within 24 h, to late initiators ($24 h).
Analysis. The primary outcome, mortality within 28 d, was estimated within each stratum of both breast-feeding initiation exposure variables and compared using relative risks obtained from binomial regression modeling with a log link function. Kaplan-Meier survival curves were constructed for each stratum of the categorical variable. Multivariate models were adjusted for a range of variables known to be associated with mortality risk in this population, including treatment allocations in the parent trial. A composite variable defining ''possible severe disease'' within the first 2 d was created. Infants were defined as such if 2 or more of the following conditions were present: 1) difficulty breathing; 2) stiffening of the back or convulsions; 3) dysentery; 4) 5 or more watery stools within 24 h; 5) severe chest in-drawing; 6) axillary temperature .37.8°C; 7) respiratory rate .70 breaths/min. To further examine for residual reverse-causation bias, analyses were repeated after removing infants who were positive for this variable. Population attributable fractions were estimated from the adjusted multivariate models to estimate the proportion of deaths that might be prevented given universal coverage of breast-feeding within 1 or 24 h. Statistical analyses were conducted using STATA version 9.2 (Stata).
This study received ethical approval from the Nepal Health Research Council and the Committee on Human Research of the Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland, and is registered at Clinicaltrials.gov (NCT00109616).
Results
There were 23,662 live-born infants during the study period and a total of 759 neonatal deaths (neonatal mortality rate ¼ 32.1/ 1000 live births). Many (409, 53.9%) of the neonatal deaths occurred in the first 48 h and were excluded from the analysis. Among 23,235 infants surviving to 48 h, there were 71 for whom breast-feeding data were not available (53 of these infants subsequently died). There were a total of 23,164 (99.7%) infants for whom we could confirm that breast-feeding was ever initiated and the actual time to breast-feeding was estimable for 22,838 (98.6%) infants (Fig. 1) . The median time to breastfeeding was 18.4 h and the mean was 22.7 6 22.1 h. Only 771 infants (3.4%) were breast-fed within the first hour after birth, but breast-feeding within the first 24 (56.6%) or first 48 (83.1%) h was more common. Breast-feeding was established within 72 h for 97.2% of breast-fed infants.
Partial breast-feeding (i.e. combined breast-feeding with other milk-based fluids and/or solids) was the most common established breast-feeding pattern in this setting (72.6% of infants). Goat and/or buffalo milk are often provided to the newborn infant in Sarlahi, especially during the first 24-48 h after birth. Partially breast-fed infants were at substantially higher mortality risk than those who were exclusively breast-fed (relative risk 
19) times more likely to die during the neonatal period than early initiators (,24 h).
Given the substantial differences in pattern and timing of breast-feeding between pahadi and madeshi households, estimates of mortality risk comparing early vs. late initiators is also shown separately by ethnic status. The interaction term for ethnic group status was marginally significant (P ¼ 0.06).
The relationship between mortality risk and breast-feeding initiation time was adjusted for multiple covariates, including low birth weight (LBW, ,2500 g) status, prematurity (,37 wk), cord and skin cleansing treatment allocation in the parent trial, maternal literacy, sex, maternal hand-washing, previous death of a sibling, ethnicity, parity, and maternal report of fever in the 7 d prior to delivery ( Table 2) . The most important confounders of the main relationship were birth weight and prematurity; after adjustment for these variables, the relationship between initiation time and mortality was not significant for any individual category, although there was a trend (P ¼ 0.03) toward increasing risk with delayed initiation time. Furthermore, when comparing early to late initiators, adjusted risk of mortality was 1.41 (95% CI ¼ 1.08, 1.86) times higher among those initiating after the first day of life. Sex of the newborn, maternal literacy, and treatment allocation in the parent trial, parity, and maternal report of fever in the 7 d prior to delivery did not confound this association.
The adjusted model was estimated separately by ethnic status ( Table 3) . There was little change from the ethnic group-specific, nonadjusted estimates from Table 1, suggesting that after the effect modification of ethnic group was taken into account, the relationship between mortality and initiation time was not confounded by LBW or preterm birth. For pahadi newborns, the adjusted risk of mortality was 3.00 [95% CI ¼ 1.50-5.98] times higher among late initiators compared with early initiators. Among madeshi newborns, the magnitude of the relationship and the statistical strength of evidence was lower, but late 
Discussion
Data presented here provide evidence that early initiation of breast-feeding among newborns in a rural southern Nepal population is associated with a reduced risk of mortality during the neonatal period. There was a strong dose-response relationship with mortality risk increasing with later initiation times in both crude and adjusted models and overall initiation after 24 h was associated with a 41% (8-86%) increase in mortality risk after adjustment for confounding variables. Using estimates from the adjusted model, ;41.3% of neonatal deaths after 48 h might be prevented if breast-feeding was initiated within 1 h of birth. Assuming that early breast-feeding has no effect on deaths prior to 48 h (53.9% of deaths), universal initiation within 1 h might prevent 19.1% of neonatal deaths in this setting.
The major strength of this study was the large sample size (.22,000 newborns), which was more than twice the size of a previous reported analysis of breast-feeding initiation time and neonatal mortality risk (14) . Furthermore, the intensive followup schedule in the parent trial (11 home visits during the neonatal period) allowed for rapid initial in-home visits around the time of birth and prospective observation of breast-feeding practices and vital status during the neonatal period. This improved measurement accuracy of timing of both the outcome (death) and exposure (breast-feeding initiation time) and minimized the likelihood of recall bias or differential misclassification of breast-feeding practices among deaths and surviving newborns.
There have been few previous efforts to examine this relationship (8) . The most comprehensive prior analyses from Ghana estimated that up to 22 and 16% of all neonatal deaths could be prevented with universal coverage of breast-feeding within 1 and 24 h of birth, respectively (14) . Although the magnitude of the relationship estimated here in adjusted models was slightly lower, the overall conclusions are similar. The LBW rate in our study setting (29.8%) compared with the Ghana population (7.4%) is likely the most important difference between the settings. Small size at birth has been previously shown to be directly related to lower likelihood of breast-feeding (20, 21) and although these data support the evidence provided by the Ghana study, they also demonstrate that in settings with high prevalence of LBW, the benefit of early initiation of human milk may not be as strong as in those with lower prevalence. There were a number of limitations to our study. We attempted to take into account the potential for reverse causation bias (22) by restricting our analyses to infants surviving to 2 d, similar to the previous study (14) . Although we also examined the impact of removing infants with signs of morbidity within the first 48 h from the analysis and found no direct evidence for residual reverse-causation bias, we cannot discount the possibility that some caretakers delayed breast-feeding because of preexisting morbid conditions that were not fully characterized by our data. Also, we could not define this variable for 17.7% of the newborns in the dataset and thus did not include the variable as a confounder in our final multivariate model. We do not think, however, that the model without this adjustment overestimates the primary relationship. Rather, when this variable was included in the multivariate model to examine this possibility, the parameter estimates for breast-feeding initiation time were slightly higher than in the more parsimonious model that excluded this variable. We did not collect detailed information on maternal nutritional status, weight gain during pregnancy, or other potential maternal variables that may have further confounded the relationship.
There was some indication that the importance of this practice differed between 2 ethnic groups with distinct breast-feeding patterns, complicating efforts to generalize these results to the wider Nepali context or beyond to South Asian populations in general. However, ethnic group-specific population attributable fractions are similar (data not shown) and the adjusted estimates in the madeshi communities, whose timing and pattern of breastfeeding are more representative of a larger population in southern Nepal, northern India, and Bangladesh, were similar to the population-averaged adjusted RR estimate of 1.41 (1.08-1.86). Breast-feeding patterns are tightly correlated with timing of initiation of breast-feeding in this population. If promotion programs can improve the time to initiation in this setting, exclusive breast-feeding rates will also rise, because partially breast-fed infants normally receive non-breast milk substitutes only during the period prior to initiation.
The most recent Demographic Health Surveillance study in Nepal (18) estimated that ;85% of newborns are breast-fed within 24 h of birth; the same indicator for communities in the Terai region of Nepal is 75%. These estimates are substantially higher than we estimated through our intensive follow-up schedule of home visits during the neonatal period. The difference potentially reflects the dangers of using long recall periods to classify breast-feeding initiation status and suggests that, despite reported improvements at the national level, continued emphasis on early breast-feeding is necessary. Furthermore, the potential benefit to neonatal survival is greater when initiated within 1 h of birth; the parallel Demographic Health Surveillance estimate for Nepal was 35% (18), indicating that continued efforts to promote improved breast-feeding practices in Nepal might play a substantial role in reducing neonatal mortality and achieving Millennium Development Goal 4.
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